The objective of this study was to determine the more efficient antibacterial activity of chitosan among irradiated and nonirradiated form. Chitin was isolated from shrimp and then converted into chitosan. The initial molecular weight of chitosan was 1.6 X 10 6 Da and after step by step pretreatments using alkali, acid and H 2 O 2, the final molecular weight was found to be reduced to 2.7 X 10 4 Da and the degree of deacetylation (DD) was 70%. Chemical treatments deproteinated and decalcified the chitin. Chitosan, the deacetylated form of chitin, was dissolved in lactic acid and then irradiated to perform antimicrobial activity. To conduct the experiment, seven different strains of bacteria were isolated from spoiled orange and it was found that chitosan was more effective to inhibit the growth of these bacteria. The more efficient result was found with irradiated chitosan than the non-irradiated one and the efficiency was consistently along with the increasing of the radiation dose. The best antimicrobial activity was observed with 32 kGy.
Chitosan is the name used for low acetyl substituted forms of chitin and is composed primarily of glucosamine, 2 amino -2 dexoy-µ-D-glucose, known as (1→4)-2 amino-2-deoxy-Dglucose. In recent years, there has been an increasing interest in finding alternatives to chemical bactericides and fungicides as they are safe, and with negligible risk to human health and environment 5 . Some satisfactory results have been reported using natural compounds such as chitosan 6 . The unusual anti-microbial activity of chitin, chitosan and their derivatives against different groups of microorganisms has received considerable attention in recent years 7 . It is also because of its unique physiochemical characteristics and biological activities 8 . Amongst various bioactive properties of chitosan, its antimicrobial activity has also received considerable interest due to problems associated with some chemical antimicrobial agents 2, 9 . Chitin acts as a chelating agent that selectively binds trace metals and thereby inhibits microbial growth 10 . Chitosan inhibits bacterial activity by inhibiting RNA and protein synthesis. Chitosan also exerts its antibacterial activity by acting as a chelating agent. It removes metals, trace elements or essential nutrients from bacteria causing distortion in cell growth and eventually death 11 . Chitosan acts as water binding agent and inhibits various enzymes 12 .
The natural antibacterial and/or antifungal characteristics of chitosan and its derivatives 3, 13 -16 have resulted in their use in commercial disinfectants. Chitosan has several advantages over other types of disinfectants because it possesses a broader spectrum of antibacterial activity, and a lower toxicity for mammalian cells 17 . It is also easily biodegradable with gel forming ability at low pH 18 . Shrimp shells are an environmental waste material. So, extraction of chitin and chitosan from shrimp shells can be used as a suitable natural preservative that may have positive role for long term storage of chitosan coated orange. The objective of this work was to investigate the anti-microbial effects of chitosan against orange spoilage microorganisms.
Fresh, healthy ripe and spoiled oranges of suitable sizes were collected from different markets of Dhaka, Bangladesh and transported to the laboratory for experiment. Ten grams of sample (orange) was taken in a sterile conical flask containing 90 ml of distilled water and homogeneous suspension of the sample up to 10 -5 dilution was made and inoculated onto nutrient agar media.
Staphylococcus aureus, Proteus spp. Bacillus megaterium, Bacillus cereus, Bacillus subtilis, Streptococcus spp. and
Staphylococcus epidermidis were isolated from the rotten oranges and was identified by biochemical tests. These isolates were used in the experiment.
Shrimp shells were collected from local market, transported to the laboratory, processed, washed, sun dried and then cut into pieces for utilization to extract chitin and chitosan. To remove protein from shrimp shell, 5 liters of 40% NaOH (w/v) was added to 2 Kg of shrimp shell and the deproteination process was led for 72 hours. After deproteination, the shells were washed with water. The shells then were treated with 400 ml of 4% HCl for 20-24 hours to remove calcium, then washed with water and dried. Thereafter, deproteinated and decalcified shells were the chitin 1 .
To produce chitosan, 200 g dried deproteinated and decalcified chitins were moisturized with 200 ml water and then deacetylated by treating with 20 M NaOH solution for 48 hours. After deacetylation, chitosan flakes were washed, squeezed and dried in a forced air oven at 60-70 o C 1 .
A 2% working solution of chitosan was made by dissolving in 3% lactic acid. This solution was irradiated with a dose of 0 kGy, 8 kGy, 16 kGy and 32 kGy respectively to reduce the molecular weight and to increase degree of deacetylation (DD) more than 70% 19 .
Irradiated (8 kGy, 16 kGy and 32 kGy) and non-irradiated chitosan solutions were used for antibacterial activity. One hundred micro liter of 10 7 cfu/ml of bacterial suspension was spread plated onto nutrient agar media, and then irradiated and non-irradiated chitosan solution, and lactic acid were spread over the inoculated nutrient media. The plates were then incubated at 37 o C for 24 hours. After incubation, the presences of bacterial numbers were enumerated.
Each of the isolated bacterial strain was diluted to 10 7 cfu/ml, and 100 ìl of bacterial suspension was spreaded over nutrient agar media. Wells (8mm) were made in the plates by using a borer. The holes were then filled with appropriate amount of sterilized irradiated (8 kGy, 16 kGy and 32 kGy), non radiated chitosan solution and lactic acid followed by incubation at 37 o C for 24 hours. After incubation, the zone of inhibition was observed and recorded. Aceptic condition was maintained very strictly.
The initial bacterial load was found to be 4.6×l0 6 cfu/g in spoiled orange. Biochemical analysis reveals the presence of Staphylococcus aureus, Proteus spp. Bacillus megaterium, Bacillus cereus, Bacillus subtilis, Streptococcus spp. and Staphylococcus epidermidis among the isolates. Anti-bacterial activity of chitosan was performed against all of these strains. Both the non-irradiated and irradiated chitosan showed antimicrobial response but the better result was found in case of irradiated chitosan (Table-1 
, 2).
Lactic acid also showed antimicrobial activity due to its low pH. It was also found that the antimicrobial activity of the chitosan was gradually increased by increasing the radiation dose. Though 8 kGy, 16kGy and 32kGy treatments were used but the most effective result was obtained from 32kGy treatment which has consistency with some other studies 1 . The country, Bangladesh, got a golden tradition of exporting large amount of shrimps/lobsters to the foreign countries. As a result, Bangladesh is producing a big amount of shrimp shell as wastes every year. This natural waste would be used as an important source of value added product that might be used as a substance for its application in a new horizon or to use as a supplement or even may be used as a complement of existing compound. Therefore, the aim of this research work was to extract chitin from shrimp wastes and their conversion into chitosan for assessing its utility as an antibacterial agent for using various purposes.
